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D scrlption 

The present Invention relates to a voltage converter 
and more particularly to a fast low-to-high voltag trans- 
lator having latch-up immunity. 

An example of a low-to-high voltage translator is a 
buffer that has a TTL voltage input and a CMOS voltage 
output. In U.S. Patent 4,698,526 to Allan, a source fol- 
lower Cf^OS Input buffer is disclosed. The input buffer 
has an input Inverter coupled to receive a TTL voltage, 
and an output inverter to supply a CMOS voltage. 

With tfie^1f§r18^ scaling down devices for higher 
density, many integrated circuits have both low and high 
voltage requirements. The low voltage is required for 
nonma! operation of the circuit. Other operations of the 
circuit require the higher voltage. This higher voltage 
may, for example, be used to write, restore, or refresh a 
high voltage stored In a memory cell. The power supply 
providing the high voltage nr»y be a pumped voltage 
supply, or may be provided externally* Such an arrange- 
ment is disclosed in Foss et al., Application of a High- 
Voitage Pumped Supply for Low-Power DRAM, 1992 
Symposium on VLSI Circuits Digest of Technical Pa- 
pers, p. 106-107 (1992 IEEE) where a high-voltage 
pumped supply is coupled to a data output buffer. An 
example of an integrated circuit having low and high 
voltage requirements is a complementary metal oxide 
semiconductor ("CMOS") dynamic random access 
menfK)ry ("DRAM"). Typical low and high voltages are 
3V and 5V, respectively. 

A further example of a low-to-high voltage translator 
is found in U.K. Patent Application GB-A-2-1 13-936 to 
Intersil, Inc. This reference discloses a digital level shift- 
er tor use In shifting a lower 5 volt voltage level (which 
may correspond to a logical HIGH or M') to a higher 
20-25 volt voltage level necessary to program an inte- 
grated circuit device such as an EPROM. However, the 
digital level shifter of Intersil, Inc. may be utilized in logic 
circuitry having typical low and high voltage require- 
ments. 

Fig. 1 is a schematic diagram of a circuit that con- 
verts a low voltage signal varying between OV and VCC 
(e.g. 3V) to a high voltage signal varying between OV 
and VCCP (e.g. 5v). Briefly, gate electrodes of transis- 
tors 1 0, 1 2 and 1 4 are coupled to receive an input signal 
IN. VCC is coupled to ground (typically OV) through a 
series source-drain path of complementary transistors 
12 and 14. A node 13 is located at the drain electrodes 
of transistors 12 and 14. Node 13 Is coupled to a gate 
electrode of a transistor 16. 

A node 18 is coupled to ground through source- 
drain paths of series transistors 16 and 20. A gate elec- 
trode of transistor 20 is coupled to receive VCC. Node 
1 8 is coupled to a gate electrode of a P-channel transis- 
tor 22. VCCP is coupled to node 18 through a source- 
drain path of a P-channel transistor 24. A gate electrode 
of transistor 24 is coupled to a node 26. The bodies (or 
N-wells) of transistors 22 and 24 are connected to VC- 



CP. 

Node 26 is coupled to VCCP through a source-drain 
path of transistor 22. Node 26 is coupled to ground 
through source-drain paths of scries transistors 28 and 

s 10. A node 30 is coupled to the drain electrode of tran- 
sistor 10. A gate electrode of transistor 28 is coupled to 
receive VCC. A node 32 is coupled to the drain electrode 
of transistor 16 and the source electrode of transistor 
20. An output signal OUT Is provided at node 18. 

10 Transistors 12 and 14 form an inverter. When the 
signal I N is supplied to transistors 1 2 and 1 4. the voltage 
at node 13 is the opposite state of the signal IN. For 
example, if a voltage of signal IN is VCC, then the volt- 
age at node 13 is OV. 

IS Referring to the operation of the Fig. 1 circu it, when 
signal IN is VCC, transistor 10 is turned on to pull node 
30 to OV. Since transistor 28 is configured to be on (its 
gate-source voltage Is greater than a threshold voltage 
VtM drop), node 26 will be pulled to OV through the 

20 source-drain path of transistor 10. 

Transistors 12 and 14 invert the high signal IN to 
provide OV at node 1 3. Since this is coupled to the gate 
electrode of transistor 16, it tums off. Thus node 18 is 
not pulled to OV through the source-drain path of tran- 

25 sistor 20. However, node 26 provides OV to the gate 
electrode of transistor 24 to turn it on (the gate-source 
voltage is more negative than a threshold voltage Vtp). 
The source-drain path of transistor 24 pulls node 18 to 
VCCP 

30 Meanwhile, node 18 supplies VCCP to the gate 
electrode of transistor 22. The gate-source voltage is 
not less than a threshold voltage Vtp, so transistor 22 is 
turned off. Node 26 is pulled closer to OV. The output 
signal OUT provided at node 18 is VCCR 

35 When the voltage of signal IN is OV, it turns off tran- 
sistor 10 and unclamps nodes 26 and 30 from OV. The 
OVof the signal IN Is inverted by transistors 12 and 14 
to provide VCC to the gate of transistor 16. Transistor 
1 6 is turned on to pull nodes 1 8 (through tumed-on tran- 

40 sistor 20) and 32 to OV. 

Node 18 provides OV to the gate electrode of tran- 
sistor 22 to turn it on (the gate-source voltage is more 
negative than a threshold voltage Vtp). As a result, node 
26 is clamped to VCCP, which is coupled to the gate 

45 electrode of transistor 24. Transistor 24 is thereby 
turned off since the gate-source voltage is more nega- 
tive than a threshold voltage Vtp. Thus, node 18is pulled 
closer to OV. Output signal OUT providedljy node 1 8 is 
OV 

so The circuit shown in Fig. 1 suffers from slow speed 
since nodes 30 and 32 cannot be quickly pulled to VCC 
because they are not directly coupled to VCC. Pulling 
nodes 30 and 32 to VCC would speed up the transition 
of respective nodes 26 and 18 to VCCP. 

55 Therefore, it is a general object of the present in- 
vention to overcome the above problems. 

The further object of the present invention is to min- 
imize current flow from a power supply providing VCCP 
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to another potential, such as ground. 

Th pr sent invention provides a fast low-to-high 
vottag translator with latch-up immunity. The circuit in- 
cludes a voltage comparator which compar s an input 
voltag to Its complement. It is coupled to r c ive a low 
power supply (VCC) and a high power supply (VCCP). 
The high voltage supply (VCCP) may be a pumped pow- 
er supply. The output of this circuit may be buffered to 
provide logic functions, and to drive large loads. 

A novel and important aspect of the present inven- 
tion is that it provides high-speed switching with latch- 
up lmmunity-^9Sr^€ff^p!emented with a pumped power 
supply. 

A salutary aspect of the present invention is that it 
minimizes the current between the high voltage supply 
and ground. 

The invention, together with its objects and the ad- 
vantages thereof, may best be understood by reference 
to the following detailed description taken in conjunction 
with the accompanying drawings, of which: 

Fig. 1 is a detailed diagram of a prior art circuit that 
translates a low voltage to a high voltage. 

Fig. 2 is a detailed diagram of a circuit known from 
GB-A 2 113 936 that translates a low voltage to a high 
voltage. 

Fig. 3 shows a first embodiment of the present in- 
vention. 

Fig. 4 shows a second embodiment of the present 
inventfon. 

Figs. 5(a) and (b) are modificatk>ns of the Fig. 3 em- 
bodiment. 

Fig. 6 is a modification of the Fig. 4 embodiment. 

Fig. 2 illustrates an improvement over the Fig. 1 cir- 
cuit. Like devices and nodes of Figs. 1 and 2 will be des- 
ignated with the same numbers. Nodes 30 and 32 are 
coupled to VCC through source-drain paths of transis- 
tors 40 and 42, respectively. Transistors 1 2 and 1 4 have 
been eliminated. The gate electrodes of transistors 16 
and 42 are directly coupled to node 30. The gate elec- 
trodes of transistors 10 and 40 are coupled to receive 
signal LVOLT 

Transistors 1 0 and 40 form a first inverter, and tran- 
sistors 16 and 42 form a second inverter. Each inverter 
Is coupled between VCC and ground (OV). Whatever the 
voltage of an Input signal LVOLT. the inverted or oppo- 
site voltage will be provided on node 30 by transistors 
1 0 and 40. The voltage at node 32 will be provided by 
transistors 16 and 42 as the same voltage as signal 
LVOLT 

When the voltage of signal LVOLT Is VCC, the re- 
spective voltages at nodes 30 and 32 are OV and VCC. 
Node 26 is clamped to OV through tumed-on transistor 
28. Node 18 is pulled to VCC-Vt,g through turned-on 
transistor 20. Node 26 supplies OV to the gate electrode 
of transistor 24 to turn it on harder (the gate-source volt- 
age is more n gative than a threshold voltag Vtp). This 
pulls node 18 to VCCP and turns off transistor 20. 

Node 18 first provides VCC - Vt^ to th gate elec- 



trod of transistor 22 to decreas its current drive capa- 
bility and then provides VCCP to th gat lectrode of 
transistor 22 to turn it off completely. Nod 26 is pulled 
further to OV. Output signal HVOLT supplied by node 18 
s is approximately VCCR 

When the voltage of signal LVOLT is OV. the r spec- 
live voltages at nodes 30 and 32 are VCC and OV Node 
18 is clamped to OV through turned-on transistor 20. 
Node 26 is pulled to VCC-Vt^ through tumed-on tran- 

10 sistor 28. When the voltage at node 26 rises to VCC- 
Vt,^ transistor 28 will turn off. Node 1 8 supplies OV to the 
gate electrode of transistor 22 to turn it on harder (the 
gate-source voltage is more negative than a threshold 
voltage Vtp). This pulls node 26 to VCCR 

IS Node 26 first provkJes VCC - Vt^ to the gate elec- 
trode of transistor 24 to decrease its current drive capa- 
bility and then provides VCCP to turn off transistor 24 
completely. Node 18 is then pulled closer to OV. Output 
signal HVOLT is supplied by node 18 and has a voltage 

20 of approximately OV. 

Transistors 20 and 28 are used to limit the drain-to- 
source voltages across transistors 16 and 10, respec- 
tively, to VCC - Vt^ during switching. For example, if 
transistor 22 is on (the gate-source voltage of transistor 

25 22 is more negative than or equal to Vtp). the voltage at 
node 26 is VCCR If transistor 28 is eliminated and tmn- 
sistor 10 is on (the voltage of signal LVOLT is high at the 
gate electrcxle of transistor 10), there would be a voltage 
drop across transistor 1 0 equal to VCCP - VSS (>VCC). 

30 This voltage drop may cause substrate current and hot 
carriers if the device has small dimenskxis which may 
permanently damage the transistor. 

Transistors 20 and 28 also eliminate the latch-up of 
transistors 42 and 40. respectively. For example, if tran- 

35 sistor 22 is on (the gate-source voltage of transistor 22 
is more negative than or equal to Vtp), the voltage at 
node 26 is VCCR If transistor 28 were eliminated, the 
voltage at the drain electrode of transistor 40 woukJ be 
VCCR If the substrate of transistor 40 were coupled to 

40 receive VCC, then the drain-substrate region of transis- 
tor 40 would be f onward biased. The forward bias may 
cause transistor 40 to latch-up. 

The substrate of transistor 40 may be coupled to 
receive VCCP to eliminate the foregoing problem. How- 

45 ever, this causes another problem. During power-up. in- 
put signal LVOLT may be OV, which will tum turned-on 
transistor 40 (gate-source voltage is more negative than 
or equal to Vtp). Node 30 would be pulledlo VCC. But. 
VCCP does not rise as quickly as VCC on power-up, so 

50 that VCCP may be a diode voltage drop VD less than 
VCC. Thus, the drain-substrate voltage VCC - VCCP 
may cause transistor 40 to latch-up. 

The inclusion of transistors 20 and 28 will eliminate 
these problems. For example, transistor 28 will pass a 

55 voltage VCCP (up to a maximum of VCC - Vl^) during 
power up. Th refer , the drain-substrate regton of tran- 
sistor 40 will not forward bias, ven during normal oper- 
ation, r gardi ss of what voltage the substrate is biased 
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The improvement of the Fig. 2 over the Fig. 1 circuit 
is that transistors 40 and 42 are coupled to nodes 30 
and 32. respectively, to pull them up to VCC quicker. 
This allows nodes 26 and 18. respectively, to be pulled 
more quickly to VCCP. 

However, the cost of the Fig. 2 circuit speed im- 
provement is that the circuit is susceptible to latch-up if 
the high power supply VCCP is a pumped power supply. 
Specifically, upon power-up, VCC may be higher than 
VCCP because VCCP has not been pumped to its full 
voltage VC<SPn§^pically generated from VCC. In the 
case where the signal LVOLT is low. node 30 will be 
clamped to VCC since transistor 40 is turned on. Since 
transistor 28 is on. the voltage at node 26 will be 
clamped to VCC - VtN. Node 26 does not reach a full 
VCC because the transistor will turn off when the voltage 
at the source electrode rises above VCC - Vt^. 

If the voltage at node 26 (VCC-Vt^) is greater by a 
diode voltage VD than the substrate voltage VCCP (VD 
is a PN iunctk)n dkxJe voltage drop of the drain-sub- 
strate regton). transistor 22 may latch-up. The reason 
for the latch-up Is that the drain electrode of transistor 
22 having a voltage VCC - Vt^ is a P+ regkjn in an N- 
well (substrate) tied to VCCP The PN junction will for- 
ward bias and current will flow through the substrate. As 
a result, latch-up may occur. 

For example, during power-up. VCC rises from OV 
to 3V and VCCP is pumped to 5V. where VCC rises be- 
fore VCCP If node 26 rises to a threshold voltage VD 
greater than VCCP while VCCP is pumping upwards, 
the PN junction of transistor 22 will forward bias to allow 
current to flow through the substrate from the drain elec- 
trode. The current may cause transistor 22 to latch-up. 

Fig. 3 shows a first embodiment of the present In- 
vention. A first inverter formed by transistors 50 and 52 
has respective gate electrodes coupled to receive an in- 
put signal LVOLT Input signal LVOLT typically varies be- 
tween OV and a first power supply voltage VCC. A 
source electrode of transistor 50 is coupled to a second 
power supply or reference voltage providing, for exam- 
ple, a ground potential VSS. VSS is typically OV Adrain 
electrode of transistor 50 is coupled to a drain electrode 
of transistor 52. A source electrode of transistor 52 is 
coupled to a source electrode of a transistor 54. A gate 
electrode of transistor 54 is coupled to a third power sup- 
ply providing a voltage VCCP A drain electrode of tran- 
sistor 54 is coupled to receive VCC. 

A gate electrode of a transistor 56 is coupled to re- 
ceive VCC. A source electrode of transistor 56 is cou- 
pled to a node 58. Drain electrodes of transistors 50 and 
52 are also coupled to node 58. Node 58 is coupled to 
gate electrodes of complementary transistors 60 and 62 
which are connected as a second inverter A source 
electrode of transistor 60 is coupled to source elec- 
trodes of transistors 52 and 54. Adrain electrode of tran- 
sistor 60 is coupled to a dram electrode of transistor 62. 
A source electrode of transistor 62 is coupled to ground. 



Drain electrodes of transistors 60 and 62 are coupled to 
a node 61. 

Node 61 is coupled to a source electrode of a tran- 
sistor 64, a gate electrode of which is coupled to receive 
5 VCC A drain electrode of transistor 64 is coupled to a 
node 66 Node 66 is coupled to a drain electrode of a 
transistor 68. A gate electrode of transistor 68 is coupled 
to a node 70. Node 70 is coupled to a drain electrode of 
transistor 56. Node 70 is also connected to a drain elec- 
10 trode of a transistor 72. A source electrode of transistor 
72 is coupled to receive VCCP A source electrode of 
transistor 68 Is coupled to receive VCCP. ' 

Node 58 (the output of the first Inverter) Is coupled 
to a gate electrode of a transistor 74. A source electrode 
IS of transistor 74 is coupled to ground. A drain electrode 
of transistor 74 is coupled to a source electrode of a tran- 
sistor 76 A gate electrode of transistor 76 is coupled to 
node 66. A drain electrode of transistor 76 is coupled to 
receive VCC. The drain electrode of transistor 74 and 
2o' the source electrode of transistor 76 are coupled to a 
node 75. Node 75 is coupled to a gate electrode of a 
transistor 78. A source electrode of transistor 78 is cou- 
pled to ground. A drain electrode of transistor 78 is cou- 
pled to a node 79. Node 79 Is coupled to a source elec- 
ts trode of a transistor 80. 

A gate electrode of transistor 80 is coupled to re- 
ceive VCC. A drain electrode of transistor 80 is coupled 
to a node 81 . Node 81 is coupled to a drain electrode of 
a transistor 82. A gate electrode of transistor 82 is cou- 
30 pled to node 66. A source electrode of transistor 82 is 
coupled to receive VCCP Node 81 provides an output 
signal HVOLTTypically.VCCP=5V.VCC=3Vand VSS 

(ground) = OV. 

The circuit defined by a block 90 (circuit elements 
35 74 to 82) in Fig. 3 represents a buffered output stage. 
Tine purpose of buffered output stage 90 is to drive large 
capacitive toads. It can be configured to so that signal 
HVOLT either foltows or is the complement of signal 

LVOLT . ^ ^ 

40 Transistors 72, 68 and 82 are p-channel and have 
their bodies coupled to the third power supply providing 
VCCP Transistors 52 and 60 also are p-channel. but 
have their bodies coupled to the first power supply pro- 
viding VCC. . ^ ^ . 
45 Transistors 56, 64and80are used to limit the drain- 
to-source voltages across transistors 50. 62 and7a.-re- 
spectively, to VCC - Vt^ during switching. For example, 
if transistor 72 is on (the gate-source voltage of transis- 
tor 72 is less than or equal to Vtp). the voltage at node 
so 70 Is VCCP If transistor 56 were eliminated and transis- 
tor 50 IS on (from LVOLT being high at the gate electrode 
of transistor 50), there would be a voltage drop across 
transistor 50 equalto VCCP - VSS (>VCC). This voltage 
drop may cause substrate cu rrent and hot earners if the 
55 device were to have small dimensions. 

Transistors 56 and 64 also function to limit the drain- 
substrate voltage (i. . PNjuncfion voltage) of transistors 
52 and 60. In the instance where the voltage at node 58 
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is allowed to increase to VCCP (transistor 56 is elimi- 
nated), the dratn-substrate voltage drop would be VCCP 
- VCC. This voltage drop Is greater than a drain-sut>- 
strat junction voltage VD. Therefore, th drain-sut)- 
strat junction will b forward biased and current will be 
caused to flow into th substrate. As a result, transistor 
52 will probably latch-up. 

The addition of transistor 56 decreases the voltage 
drop across turned-on transistor 50. If the voltage at 
node 70 is VCCP, and the voltage at the gate electrode 
of transistor 56 is VCC (VCCP ^ VCC). then transistor 
56 will only piifff5^''58 to VCC - Vt^- Transistor 56 will 
turn off if the voltage at node 58 rises past VCC - Vt^^ 
(<VCCP). 

To summarize, the inclusion of transistors 56 and 
64 will eliminate the problems mentioned supra . For ex- 
ample, transistor 56 will pass a voltage VCCP up to a 
maximum of VCC - Vl,^ during power-up. Therefore, the 
drain-substrate region of transistor 52 will not fonward 
bias, even during normal operation, regardless of what 
voltage the substrate is biased to. 

Transistors 52 and 60 are implemented to speed up 
the operation of this preferred embodiment by coupling 
nodes 58 and 61 to VCC. However, transistor 54 Is add- 
ed to avoid latch-up during power-up of the circuit by 
preventing nodes 66 and 70 from rising above VCCP - 
Vt,^. Similar to the explanation of Fig. 2, if the source 
electrode of transistor 52 were coupled directly to re- 
ceive VCC (transistor 54 removed), then on power-up 
the voltage at node 58 would be VCC if signal LVOLT 
were low (OV). Tumed-on transistor 56 will couple node 
70 to VCC - Vt^. Node 70 cannot rise to a greater voltage 
because transistor 56 will turn off. If the voltage at node 
70 were a diode voltage VD greater than VCCP, the PN 
drain region may forward bias which would inject current 
into the substrate. This may cause latch-up. 

By adding transistor 54 to the Fig. 3 embodiment 
(as illustrated), the voltage at the source electrode will 
be regulated to VCCP - Vt^ until VCCP Is a threshold 
greater than VCC. At that point, the source electrode will 
not increase past VCC. Thus the voltage at node 58 will 
be VCCP - Vl^ up to a maximum of VCC. Transistor 56 
will clamp node 70 (transistor 72 is off) to a maximum 
of VCC - Vt^. Node 70 cannot rise above VCC - Vt^ 
since transistor 56 will turn off. The voltage at rKxIe 70 
will be VCCP - Vt|g up to a maximum of VCC - Vt^. The 
drain-substrate voltage will not forward bias the drain- 
source region. Transistor 72 will not latch-up. 

The furK:tion of transistor 54 will be explained by 
way of an example. During power-up. VCCP = 2V, VCC 
= 3V. Vt^i = 1 V, VD = 0.5V, and LVOLT = OV The voltage 
at the source electrode of transistor 54 equals VCCP - 
Vtf^ = IV. Since transistor 52 is turned on by signal 
LVOLT (OV), the voltage at node 58 equals IV VCC at 
the gate electrode of transistor 56 albws node 70 to be 
clamped to 1 V. Since the PN drain r glon has a voltage 
from the drain lectrode to the substrate of IV - 2V = 
-IV (<VD), th PN drain region is not fooA/ard biased. 



No latch-up occurs. 

As another example, consider these conditions: 
VCCP = 5V. VCC = 3V. Vt^ = 1 V, VD = 0.5V. and LVOLT 
= OV. Th voltage at the gate lectrode of transistor 54 

s is greater than a threshold voltag Vt^^ above VCC. 
Ther fore, the full voltage VCC at th drain electrod of 
transistor 54 will be passed to the source electrode of 
transistor 54. Signal LVOLT tums tumed-on transistor 
52 to clamp node 58 to VCC. Transistor 56 will clamp 

10 node 70 only to VCC • VtN since the voltage at the gate 
electrode of transistor 56 is VCC. Since the PN drain 
region has a voltage from the drain electrode to the sub- 
strate of VCC - VCCP = -2V (< VD). the PN drain region 
is not forward biased. No latch-up occurs. 

IS Transistors 76 and 74 comprise a push-pull stage 
which prevents crowbar current from passing from VC- 
CP to VSS of the buffered output stage. 'Crowbar* cur- 
rent is current from a high voltage supply to a low voltage 
supply during device switching. Transistor 74 is larger 

20 than transistor 76 so that node 75 is pulled low before 
node 66 is pulled low, thereby turning off transistor 78 
before transistor 82 turns on. This prevents current from 
VCCP to ground through the source-drain paths of tran- 
sistors 78, 80 and 82. 

2S When the voltage at node 66 rises to VCCP, node 
75 rises to VCC through the source-drain path of tran- 
sistor 76, but only after a delay due to the small size of 
transistor 76 and a VTN drop. Therefore, transistor 82 
turns off before transistor 78 turns on. Again, this pre- 

30 vents current from VCCP to ground through the source- 
drain paths of transistors 78. 80 and 82. 

The operation of the Fig. 3 embodiment will now be 
explained. When the input signal LVOLT is VCC. tran- 
sistor 52 is turned off and transistor 50 is turned on. 

35 Tumed-on transistor 50 pulls node 58 to ground (OV). 
Since the voltage at the gate electrode of transistor 56 
is VCC and the voltage at the source electrode of tran- 
sistor 56 is OV, transistor 56 is turned on to pull node 70 
to ground. 

40 The low voltage (OV) at node 58 turns tumed-on 
transistor 60 and tums off transistor 62. Node 61 is 
pulled up to VCC trough tumed-on transistors 54 and 
60. Since the voltage at the gate electrode of transistor 
64 is VCC, and the voltage at the electrode of transistor 

45 64 (node 61 ) is being pulled to VCC. transistor 64 is on 
until node 66 rises to VCC - Vt^. At this point, transistor 
64 is either off or barely on to maintain the voltage at 
node 66. The OV at node 70 is supplied toThe gate elec- 
trode of transistor 68 to turn it on harder. The voltage at 

50 node 66 rises to VCCP. Transistor 64 is turned off. 

VCCP at node 66 Is applied to the gate electrode of 
transistor 72. Since the voltage at node 66 is increasing 
to VCCP and the voltage at the sourcis electrode is VC- 
CP. transistor 72 eventually tums off and node 70 is 

55 pulled further to ground. 

The OV at node 58 is also supplied to the gat lec- 
trode of transistor 74 which is tumed off. VCCP at nod 
66 is applied to transistor 76 to turn it on and pull node 
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75 to VCC. VCC at node 75 turns turned-on transistor 
78 to pull node 79 to ground. 

Since the voltage at the gate electrode of transistor 

80 is greater than the voltage at Its source electrode 
(OV), transistor 80 is turned on to pull the voltage at node s 

81 to ground. Thus, the output signal HVOLT is OV. 

VCCP at node 66 is applied to the gate electrode of 
transistor 82. Since transistor 82 is a p-channel device, 
and the voltage at its source electrode is VCCR transis- 
tor 82 is not turned on. This route from node 81 to VCCP 10 

is thus broken. 

Whenlh^^RP^ignal LVOLT is OV. transistor 50 is 
turned off and transistor 52 is turned on. Tumed-on tran- 
sistor 52 pulls node 58 to VCC which is provided through 
turned-on transistor 54 (the gate-source voltage is is 
greaterthan Vt^). Since the voltage at the gate electrode 
of transistor 56 is VCC, and the voltage at node 58 is 
being pulled to VCC. node 70 is pulled to VCC -Vt^. At 
this point, transistor 56 is either off or barely on to mam- 
tain VCC - VtN at node 70. Since the gate electrode volt- 20 
age of transistor 68 has Increased, the current drive ca- 
pability of transistor 68 is decreased, thus lowering the 
voltage at node 66. 

VCC at node 58 turns tumed-on transistor 62 and 
turns off transistor 60. The voltage at node 61 is pulled 25 
downtoOVThisOVatthe source electrodeof transistor 
64 is less than the voltage at its gate electrode (VCC), 
therefore transistor 64 is tumed on to pull node 66 down 
to OV OV at node 66 is applied to the gate electrode 
72. which is less than voltage (VCCP) at the source elec- 30 
trode of transistor 72. Transistor 72 is tumed on to con- 
duct more current and therefore node 70 is pulled to VC- 
CP, and transistor 56 Is tumed off. VCCP at node 70 is 
applied to the gate electrode of transistor 68. The gate 
and source electrodes of transistor 68 have the voltage 35 
VCCP. Transistor 68 is tumed off. Node 66 is pulled to 
ground. 

VCC at node 58 tums tumed-on transistor 74 which 
in turn couples node 75 to OV OV at node 66 turns off 
transistor 76 to decoupled node 75 from VCC. OV at 40 
node 75 turns off transistor 78. Hence, node 81 is not 
pulled down to OV The low voltage at node 66 is applied 
to the gate electrode of transistor 82. Since the gate- 
source voltage of transistor 82 is more negative than 
Vt transistor82istumedonmoretoconductmorecur- 45 
rent. Node 81 is pulled up to VCCP. Output signal 
HVOLT increases to VCCR 

Fig 4 illustrates a second embodiment of the 
present invention. An input signal LVOLT is coupled to 
a first inverter, specifically to the gate electrodes of com- so 
plementary transistors 100 and 102. Input signal LVOLT 
typically varies between OV and VCc. A source elec- 
trode of transistor 100 is coupled to receive ground po- 
tential VSS. A drain electrode of transistor 100 is cou- 
pled to a drain electrode of transistor 102 at node 104. ss 
A source electrode of transistor 102 is coupled to a dram 
electrode of a transistor 106 at a node 108. A gate elec- 
trode of transistor 106 Is coupled to receive VCCP A 



drain electrode of transistor 106 Is coupled to receive 
VCC, 

Node 104 (the output of the first inverter) is coupled 
to gate electrodes of a second inverter formed by com- 
plementary transistors 110 and 112. The first and sec- 
ond inverters are coupled between node 108 and 
ground Thus, a source electrode of transistor 110 is 
coupled to ground, drain electrodes of transistors 110 
and 112 are coupled together, and a source electrode 
of transistor 112 is coupled to node 108. Dram elec- 
trodes of transistors 110 and 112 are coupled toa node 
114 which is the output of the second inverter. 

Node 104 from the first inverter is coupled to a 
source electrode of a transistor 116. A gate electrode of 
transistor 116 is coupled to node 114. Adrain electrode 
of transistor 116 is coupled to a node 118. Node 118 is 
coupled to a drain electrode of a p^hannel transistor 
1 20. A gate electrode of a transistor 1 20 is coupled to a 
node 122. A source electrode of transistor 120 is cou--- 
pled to receive VCCP. which is also coupled to the body 
of transistor 120. 

Node 1 1 8 is coupled to a gate electrode of a p-chan- 
nel transistor 124. A source electrode of transistor 124 
is coupled to receive VCCR A drain electrode of tran- 
sistor 124 is coupled to node 122. Node 122 is coupled 
toadrain electrodeof a transistor 126. A gate electrode 
of a transistor 1 26 is coupled to node 1 04. A source elec- 
trode of a transistor 1 26 is coupled to node 114. 

Node 114 is coupled to gate electrodes of a third 
inverter between node 108 and ground. The third invert- 
er comprises transistors 128 and 130 having an output 
node 132. A source electrode of transistor 128 is cou- 
pled to ground. Drain electrodes of transistors 128 and 
1 30 are coupled together. A source electrode of transis- 
tor 1 30 is coupled to node 1 08. Drain electrodes of tran- 
sistors 128 and 130 are coupled to a source electrode 
of a transistor 1 32. A gate electrode of transistor 1 32 is 
coupled to node 114. A drain electrode of transistor 132 
is coupled to a node 1 34. 

Node 134 is coupled to a drain electrode of a tran- 
sistor 136. A gate electrode of transistor 1 36 is coupled 
to node 1 22. A source electrode of transistor 1 36 is cou- 
pled to receive VCCR A signal HVOLT is provided at 
node 1 34 

The circuit defined by a bloclc140 (elements 128 to 
136) in Fig. 4 represents a buffered output slaga The 
purpose of the buffered output stage is to drive large 
capacitive loads. It can be configured to so that signal 
HVOLT either follows or is the complement of signal 
LVOLT 

Transistors 116. 1 25 and 1 32 serve the same func- 
tions as transistors 56, 64 and 80 of Fig. 3. Addrtionally. 
their respective gale electrodes are not connected to 
VCC. but are connected to active nodes within the Fig. 
4 embodiment. This configuration is done to increase 
the switching speed and to reduce crowbar current (ex- 
plained infra). 

P-channel transistors 1 20. 124 and 136 have their 
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bodies coupled to th third power supply providing VC- 
CP. Transistors 1 02, 11 2 and 1 30 hav their bodies cou- 
pled to the first power supply providing VCC. 

Th operation of the Fig. 4 embodiment will now b 
explained. When th input signal LVOLT is VCC, tran- 
sistor 100 Is tumed on to clamp nod 104 to OV. Tran- 
sistor 102 is tumed off. With VCCP being applied to the 
gate electrode of transistor 106 to maintain it on, node 
108 is clamped to VCC since transistor 102 is off. 

With OV at node 104, transistor 110 turns off and 
transistor 112 tums on to clamp node 114 to VCC. 
Therefore,lhe^SlS9§ at node 11 4 is the inverse or com- 
plement of the voltage at node 104. VCC at node 114 
and OV at node 1 04 are respectively applied to the gate 
and source electrodes of transistor 116. Transistor 116 
is turned on since the gate-source voltage is greater 
than a threshold voltage Vt,s|. Turned-on transistor 116 
pulls the voltage at node 11 8 to OV (assuming transistor 
120 is off). 

VCC at node 114 and OV at node 104 are respec- 
tively applied to the source and gate electrodes of n- 
channel transistor 1 26. Transistor 1 26 is tumed off since 
the gate-source voltage is less than a threshold voltage 
Vt,^. Hence, node 122 is decoupled from node 114. 

OV at node 118 is applied to the gate electrode of 
transistor 1 24. The gate-source voltage of transistor 1 24 
(OV - VCCP) causes transistor 1 24 to turn on. The volt- 
age at node 122 is clamped to VCCP since node 122 is 
not coupled to any other node. VCCP at node 122 is 
applied to the gate electrode of transistor 120. Transis- 
tor 120 is tumed off because the gate-source voltage 
(VCCP - VCCP) is less negative than one threshold volt- 
age Vtp. Accordingly, node 11 8 is coupled to ground via 
the source-drain path of transistor 100, and neither tran- 
sistor 102 nor 120 pull voltage up. 

VCCP at node 1 22 is applied to the gate electrode 
of transistor 136. Since the gate-source voltage of tran- 
sistor 136 (VCCP - VCCP) is less negative than a 
threshold voltage Vtp, transistor 1 36 is tumed off to iso- 
late node 1 34 from VCCP 

VCC at node 1 1 4 tums turhed-on transistor 1 28 and 
turns off transistor 1 30. Tumed-on transistor 1 28 clamps 
the voltage at the source electrode of transistor 132 to 
0 V. With VCC at node 1 1 4 being applied to the gate elec- 
trode of transistor 132, transistor 132 Is tumed on to 
clamp the voltage at node 134 to OV. Hence, signal 
HVOLTis OV 

When signal LVOLT is OV, transistor 100 is turned 
off, thereby to decouple node 1 04 from ground. Transis- 
tor 102 is turned on. Node 108 is coupled to VCC for 
reasons explained supra (VCCP at gate electrode of 
transistor 106 maintains it on; drain coupled to VCC). 
Thus, node 108 is clamped to VCC since transistor 100 
Is off. Further, tumed-on transistor 102 clamps the volt- 
age at node 104 to the voltage at node 108 (VCC). 

VCC at node 104 turns transistor 110 on and tums 
transistor 1 1 2 off to clamp the voltage at node 1 1 4 to OV. 
OV at node 114 and VCC at node 104 are respectively 



applied to the gat and sourc tectrodes of transistor 
116. Transistor 116 is turned off since th gat -source 
voltage is less than a threshold voltage Vl^. Off transis- 
tor 116 decouples node 118 from node 104. 
s OV at node 114 and VCC at node 104 ar respec- 
tively applied to the source and gate electrodes of tran- 
sistor 126. Transistor 126 is tumed on since its gale- 
source voltage is greater than one threshold voltage 
Vt(^. This couples node 1 22 to node 1 1 4 and the voltage 
10 at node 1 22 thereby pulling toward OV. 

OV at node 122 Is applied to the gate electrode of 
transistor 1 20. The gate-source voltage of tr^sistor 1 20 
(OV - VCCP) causes transistor 120 to tum on. The volt- 
age at node 118 is clamped to VCCP since node 118 is 
IS not coupled to any other node (transistor 1 1 6 is off ). VC- 
CP at node 118 is applied to the gate electrode of tran- 
sistor 1 24. Transistor 1 24 is turned off because the gate- 
source voltage (VCCP - VCCP) is less negative than 
one threshold voltage Vtp. Since there is no path cou- 
pling node 122 to VCC or VCCP. the voltage at node 
122 drops to OV (at node 114). 

Further, the OV at node 122 is applied to the gate 
electrode of transistor 136. Since the gate-source volt- 
age of transistor 1 36 (OV - VCCP) is more negative than 
a threshold voltage Vtp, transistor 136 is turned on to 
pull node 1 34 toward VCCP 

The OV at node 1 1 4 is inverted by transistor 1 28 and 
transistor 130 so that the output node 131 of that third 
inverter rises to VCC. With 0 V at node 1 1 4 being applied 
to the gate electrode of transistor 132, transistor 132 is 
turned off. Hence, the voltage of the output signal 
HVOLT is VCCP. supplied via transistor 136. 

Transistors 116, 1 26 and 1 32 serve the same func- 
tions as transistors 56, 64 and 80 of Fig. 3. Additionally, 
their respective gate electrodes are not connected to 
VCC. but are connected to active nodes within the Fig. 
4 embodiment. This al tows transistors 116, 126 and 132 
to switch faster than if their gate electrodes were cou- 
pled to VCC. 

For example, if the gate electrode of transistor 116 
were coupled to VCC, then transistor 116 would turn on 
whenever the voltage at node 104 drops from VCC to 
OV. Transistor 116 would tum off when the voltage at 
node 104 rises from OV to VCC. 

As illustrated in the Fig. 4 embodiment, the gate 
electrode of transistor 116 is coupled to node 114. The 
voltage at node 114, explained supra, is the inverse or 
complement of the voltage at node 1 04. WfTen node 1 04 
changes from OV to VCC, node 1 1 4 changes from VCC 
to OV. With the voltages at the gate and source elec- 
trodes of transistor 116 changing at approximately the 
same time, transistor 116 will tum off more quickly. 
When the voltage at node 1 04 changes from VCC to OV, 
and the voltage at node 114 changes from OV to VCC, 
transistor 116 turns on quickly. Transistors 126 and 132 
operat in a lik manner. 

The quick switching of transistors 116, 126 and 132 
reduces the crowt>ar current. For the case wher the in- 
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put signal LVOLT rises from OV to VCC. node 104 
changes from VCC to OV while node 114 changes from 
OV to VCC. This quickly turns transistors 116 and 126 
on and off, respectively. Node 1 1 8 will change to OV and 
node 122 will be undamped from OV Th quickly de- 
creasing voltage at node 118 will turn tumed-on transis- 
tor 1 24 to clamp node 1 22 to VCCR At substantially the 
same time, the quickly increasing voltage at node 122 
turns off transistor 1 20. which then unclamps the voltage 
at node 118 from VCCR Node 118 will be pulled further 
to OV. It should be understood that due to the device 
delays of tTanli^m 102. 110, 112, 116, 120. 124 
and 126. transistors 100 and 110 switch before transis- 
tor 126 and 124 switch. Therefore, turning transistors 
116, 120. 124 and 126 on and off quickly reduces the 
amount of crowbar current from VCCP to ground 
through transistors 100 and 110. 

Additionally, due to the delay of the devices in the 
Fig. 4 embodiment, node 114 changes state before 
node 1 22. In the instance where node 1 1 4 and 1 22 drop 
toOV. node il 4 transitions to OV first to turn off transistor 
1 28 before node 1 22 transittons to OV to turn turned-on 
transistor 136. This timing greatly reduces the crowbar 
current from VCCP to ground through transistors 128, 
132 and 136. 

The reduction of the crowbar current is an important 
advantage of this invention. It is well known in the art 
that increasing a device's size will increase its speed. 
However, it must be understood that when using a 
pumped voltage supply, the user is constrained as to 
how much current can be drawn from the pumped sup- 
ply. If adesignerwere to increase the device sizes, more 
current would be removed from the pumped voltage 
source. This in turn will reduce the pumped voltage. 

Utilizing the present inventton will reduce the crow- 
bar current to the extent that a designer may use larger 
devices without the worry of drawing too much current 
from the pumped voltage supply and the attendant prob- 
lem of reducing the voltage of the pumped supply. 

Modifications can be made to the Fig. 3 embodi- 
ment to obtain logic functions as illustrated by Figs. 5 
(a) and (b). For example, a source-drain path of a p- 
channel transistor 51 can be coupled in parallel with 
transistor 52 between node 58 and the source electrode 
of transistor 54. A source-drain path of an n-channel 
transistor 49 can be coupled in series with transistor 50 
between node 58 and ground as illustrated in Fig. 5 (a). 
Another input signal LVOLT2 is coupled to both gate 
electrodes of the additbnal p- and n-channel transistors 
as shown in Fig. 5 (a). This configuration would provide 
a togic AND function at node 66 and a logic NAND func- 
tion as the output signal HVOLT Table 1 shows the in- 
put-output characteristfcs of Fig. 5 (a). 
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Referring to Fig. 5 (b), a source-drain path bf a p-chan- 
nel transistor 55 can be coupled in series with transistor 

52 between node 58 and the source electrode of tran- 
sistor 54. A source-drain path of an n-channel transistor 

53 can be coupled in parallel with transistor 50 between 
node 58 and ground. Another input signal is coupled to 
both gate electrodes of the additional p- and n-channel 
transistors as shown in Fig. 5 (b). Table 2 shows the in- 
put-output characteristk:s of Fig. 5(b). 
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Fig. 6 illustrates a modifk:ation of the Fig. 4 embod- 
iment. Devices that are the same in Figs. 4 and 6 are 
designated by the same reference numerals. In Fig. 6, 
transistor 135 has its gate electrode coupled to another 
input signal X generated by other circuitry (not shown). 
A drain electrode of a further transistor 137 Is coupled 
to node 1 34. A gate electrode is coupled to another input 
signal Y that is generated by other circuitry (not shown). 
A source electrode of transistor 137 is coupled to re- 
ceive VCCR Signals X and Y may be the identk^al sig- 
nal, or they be time delayed relatives of one another, but 
at some time they preferably have the same logical sig- 
nal state. However, the range of signal X is OV to VCC 
while the range of signal Y is OV to VCCR 

Fig. 6 is configured to output the togical NAND with 
respect to signals X and Y, and the voltag^t node 1 1 4. 
For example, if the voltage at node 114 Is VCC, the volt- 
age of signal X is VCC. and the voltage of signal Y is 
VCCP. then transistor 128 is turned on and transistor 
130 is turned off. Tumed-on transistor 128 pulls the 
source electrode of transistor 1 35 to OV The voltage at 
node 122 Is VCCP which will tum off transistor 136 tp 
unclamp node 134 from VCCR 

Signal X is VCC to turn-on transistor 1 35 to couple 
node 134 to the source electrod of transistor 135, 
whteh is coupled to ground (OV) through on transistor 
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128. Signal Y is at VCCP which turns off transistor 137 
to uncoupled nod 1 34 from VCCR Therefore, th volt- 
age at nod 134 Is clamped to OV. S e Table 3 for th 
input/output characteristics off Fig. 6. 
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Similar nrKxiifications can be made to the Fig. 4 em- 
bodiment like the Fig. 3 embodiment as shown in Figs. 
5 (a) and (b). Similar modifications can be made to the 
Fig. 3 embodiment buffered output stage 90 like the Fig. 
4 embodiment buffered output stage 140 as shown in 
Fig. 6. 

Other modificatbns can be made to present inven- 
tion. For Instance, a power supply that is not pumped 
may be used to provide VCCR This would permit the 
exclusbn of transistor 54 from Fig. 3 and transistor 106 
from Fig. 4, since latch-up during power up caused by 
the pumped power would not exist. 

It will be understood that the present invention can 
be Implemented with other configurations for buffered 
output stages 90 (Fig. 3) and 140 (Fig. 4) without de- 
parting from the Inventive features. 



Clainris 

1. A voltage translator circuit comprising a first node 
(58. 1 04) selectively coupled to a second node (70, 
1 1 8), a third node (61,114) selectively coupled to a 
fourth node (66. 1 22) and receiving the output signal 
of an inverter (60,62; 11 2, 110) coupled to said first 
node (58, 104), a latch (72,68; 120,1 24) coupled be- 
tween a first power supply (VCCP) and saki second 
and fourth nodes (70, 118; 66, 122), a first switch 
(52, 102) selectively coupled between a second 
power supply (VCC) and sakJ first node 56. 104) to 
quickly set a voltage at said first node (58. 1 04) sub- 
stantially equal to a voltage of the second power 
supply (VCC), a second switch (54, 106) having a 
control terminal to receive saki first power supply 
(VCCP) and, selectively coupled between saki first 
switch (52, 102) and the second power supply 
(VCC) for regulating the voltage at the node be- 
tween the first and second switches to prevent a 
latch-up during power-up, an input terminal coupled 
to receive an input signal (LVOLT) and coupled to 
a control terminal of said first switch (52,102), and 
an output terminal coupled to sakJ fourth node (66, 



122) to supply an output signal (HVOLT) in re- 
sponse to the input signal (LVOLT) wherein sakJ 
second and fourth nodes (70. 1 1 8;66. 1 22) are Input/ 
output nodes of said latch (72.68; 120, 124) and saki 
5 first and third nodes (58. 1 04;61 ,114) are coupled to 
sak) second and fourth rK>des (70,118:66,122) for 
driving said latch (72,68; 120. 124). 

2. The circuit of claim 1 further characterized by a third 
10 switch (56, 116) selectively coupling sakJ first and 
second nodes (58. 104; 70, 118) together and a 
fourth switch (64, 126) selectively cbupling sakJ 
third and fourth nodes (61, 114; 66, 122) together. 

IS 3. The circuit of any preceding claim wherein sakJ sec- 
ond switch (54. 1 26) is controlled by sakJ first power 
supply (VCCP). 

4. The circuit of any preceding claim further character- 
20 ized by a buffered output stage (90. 140) coupled 

to at least one of said nodes. 

5. The circuit of any Claims 2 to 4 wherein said third 
switch (116) is controlled by a voltage at said third 

25 node (114) and said fourth switch ( 1 26) Is controlled 
by a voltage at said first node (104). 

6. The circuit of any preceding claim wherein saki 
latch comprises a fifth switch (72. 120) selectively 

30 coupling said first power supply (VCCP) to saki sec- 
ond node (70, 118), and a sixth switch (68, 124) se- 
lectively coupling said first power supply (VCCP) to 
said fourth node (66, 122). 

3S 7. The circuit of Claim 6 wherein said fifth switch (72, 
120) is controlled by a voltage at said fourth node 
(66, 122) and saki sixth switch (68, 124) Is control- 
led by a voltage at saki second node (70, 118). 

40 8. The circuit of any preceding claim further character- 
ized by a seventh switch (51) coupled in parallel to 
said first switch (52), and eighth and ninth switches 
(49, 50) coupled in series between said first node 
(58) and another power supply. 

45 

9. The circuit of any of Claims 1 to 7 further character- 
ized by a seventh switch (55) coupled In series with 
said first Switch (52), and eighth and filnth switches 
(50, 53) coupled in parallel between saki first node 

so (58) and another power supply. 

10. The circuit of any preceding claim further character- 
ized by a buffered output stage coupled to at least 
said output terminal, saki buffer output stage con- 

ss figured to receive at least another signal (X, Y) to 
provide a logic NANO function. 
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Patentanspruche 

1. Schaltkrels zur Spannungsumsetzung mit einem 
ersten Knotenpunkt (58. 104), der wahlweise mit ei- 
nem zweilen Knotenpunkt (70. 118) verbunden s 
wird, mit einem dritten Knotenpunkt (61. 114) der 
wahlweise mit einem vierten Knotenpunkt (66, 122) 
verbunden wird und das Ausgangsslgnal eines In- 
verters (60, 62; 112, 110) empfangt, der mit dem er- 
sten Knotenpunkt (58, 104) verbunden ist. mit einer i 
Verriegelungsstufe (72. 68; 120, 124) die zwischen 
einer eriW^^annungsversorgung (VCCP) und 
dem zweiten und vierten Knotenpunkt (70, 118; 66. 
122) liegt, mit einem ersten Schatter (52, 102), der 
wahlweise zwischen einer zweiten Spannungsver- ^ 
sorgung (VCC) und dem ersten Knotenpunkt (58, 
104) liegt. um die Spannung am ersten Knoten- 
punkt (58, 104) rasch im wesentlfchen gleich der 
Spannung der zweiten Spannungsversorgung 
(VCC) zu machen, mit einem zweiten Schalter (54. - 
1 06) der einen SteueranschluB besilzt. um die erste 
Spannungsversorgung (VCCP) zu empfangen, wo- 
bei er wahlweise zwischen dem ersten Schalter (52. 
102) und der zweiten Spannungsversorgung (VCC) 
liegt, um die Spannung am Knotenpunkt zwischen 
dem ersten und zweiten Schalter zu regeln. um ein 
Blockieren wahrend des Hochfahrens zu verhin- 
dern. mit einem Eingang, der so angeschtossen ist. 
da8 er ein Eingangssignal (LVOLT) empfangt. und 
der an einem Steuerranschlu3 des ersten Schalters 
(52. 102) liegt, und mit einem Ausgang. der mit dem 
vierten Knotenpunkt (66, 122) verbunden ist, um in 
Abhangigkeit vom Eingangssignal (LVOLT) ein 
Ausgangssignal (HVOLT) zu liefem, wobei der 
zweite und vierte Knotenpunkt (70. 118; 66, 122) 
der Eingangs/Ausgangs-Knotenpunkt der Verrie- 
gelungsstufe (72. 68; 120. 124) sind und wobei der 
erste und dritte Knotenpunkt (58. 104; 61 . 114) an 
den zweiten und vierten Knotenpunkt (70, 118; 66, 
1 22) gelegt werden. um die Verriegelungsstufe (72. 
68; 120, 124)anzusteuem. 

2. Schaltkrels gemaS Anspruch 1. weiters gekenn- 
zeichnet durch einen dritten Schatter (56, 116), der 
wahlweise den ersten und zweiten Knotenpunkt 
(58. 104; 70, 118) miteinanderverbindet. und durch 
einen vierten Schatter (64. 1 26), der wahlweise den 
drrtten und vierten Knotenpunkt (61. 114; 66. 122) 
mitelnander verbindet. 

3. Schaltkrels gemaB irgendeinem der bisherigen An- 
spruche. wobei der zweite Schatter (54, 1 26) mrt der 
ersten Spannungsversorgung (VCCP) gesteuert 
wird. 

4. Schaltkrels gemaB irgendeinem der bisherigen An- 
spruche. weiters gekennzeichnet durch eine gepuf- 
fert Ausgangsstufe (90. 140). die mit zumindest ei- 



nem der Knotenpunkle verbunden ist. 

Schaltkreis gemaB irgendeinem der Anspruche 2 
bis 4. wobei der drrtte Schatter (116) mit der Span- 
nung am drrtten Knotenpunkt (114) und der vierte 
Schalter (1 26) mit der Spannung am ersten Knoten- 
punkt (104) gesteuert wird. 

Schattkreis gemaB irgendeinem der bisherigen An- 
spruche, wobei die Verriegelungsstufe einen funf- 
ten Schatter (72. 1 20) enthalt. der wahlweise die er- 
ste Spannungsversorgung (VCCP) mR dem zwei- 
ten Knotenpunkt (70. 118) verbindet, und einen 
sechsten Schatter (68, 124) enthalt, der wahlweise 
die erste Spannungsversorgung (VCCP) mrt dem 
vierten Knotenpunkt (66, 122) verbindet 

Schattkreis gemaB Anspruch 6. wobei der funfte 
Schatter (72. 120) mrt der Spannung am vierten 
Knotenpunkt (66. 122) gesteuert wird, und der 
sechste Schatter (68. 124) mit der Spannung am 
zweiten Knotenpunkt (70, 118) gesteuert wird. 

Schattkreis gemaB irgend einem der bisherigen An- 
sprQche. werters gekennzeichnet durch einen sie- 
benten Schalter (51 ). der parallel zum ersten Schal- 
ter (52) liegt, und durch einen achten und neunten 
Schalter (49, 50) die zwischen dem ersten Knoten- 
punkt (58) und einer weiteren Spannungsversor- 
30 gung in Serie liegen. 

9. Schattkreis gemaB irgendeinem der Anspruche 1 
bis 7. werters gekennzeichnet durch einen sieben- 
ten Schalter (55), der mrt dem ersten Schatter (52) 
35 in Serie liegt, und durch einen achten und neunten 
Schalter (50. 53). die parallel zwischen dem ersten 
Knotenpunkt (58) und einer wetteren Spannungs- 
versorgung liegen. 

40 10. Schattkreis gemaB irgendeinem der bisherigen An- 
sprOche, werters gekennzeichnet durch eine gepuf- 
ferte Ausgangsstufe die zumindest am Ausgang 
liegt. wobei die Pufferausgangsstufe so aufgebaut 
ist um zumindest ein weiteres Signal (X,Y) zu emp- 
fangen. um eine logische NAND-Funktton zu lie- 
fern. 



Revendicatlons 

so 

1. CIrcurt transformateur de tenston comprenant un 
premier noeud (58, 1 04) reliS.demanidre selective. 
k un deuxleme noeud (70. 118). un troisi^me noeud 
(61 .114) reli6. de mani^re selective, k un quatrifeme 
55 noeud (66, 1 22) et recevant le signal de sortie d'un 
inverseur (60. 62; 112, 110) relid audrt premier 
noeud (58. 104). un circutt k verrouillage (72, 68 ; 
120. 124) reli§ entre un premiere alimentatton 
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(VCCP) et lasdits dauxidme et quatridm noeuds 
(70, 118; 66, 122), un premier commutaleur (52, 
102)ren6, demani§r selective, ntr un second 
alin^entation (VCC) et ledit premi r noeud (58. 104) 
pour fixer rapidement un tension au niv au dudit ^ 
premier noeud (58, 1 04) d une valeur sensibi ment 
§gale k une tension de la seconde alimentation 
(VCC), un deuxi^me commutaleur (54, 106) ayant 
une borne de commande pour recevoir ladrte pre- 
miere alimentation (VCCP) et relid. de manidre s6- io 
lectlve^ entre jedit premier commutateur (52, 102) 
et la seeoride^Iimentation (VCC) pour regular la 
tension au niveau du noeud entre ies premier et 
deuxi^me commutateurs pour empdcher un ver- 
rouillage pendant la mise sous tension, une borne 
d'entrde relive pour recevoir un signal d'entrSe 
(LVOLT) et reli6e ^ une borne de commande dudit 
premier commutateur (52, 102). et une borne de 
sortie relive audit quatri^me noeud (66, 122) pour 
d6livrer un signal de sortie (HVOLT) en rdponsa au 20 
signal d'entr^e (LVOLT), dans lequel lesdits deuxl6- 
me et quatri^me noeuds (70, 1 1 8 ; 66. 1 22) sont des 
noeuds d'entr^e/sortie dudit circuit k verrouillage 
(72. 66 ; 120, 124) et lesdits premier et trolsidme 
noeuds (58, 104; 61, 114) sont relics auxdits 
deuxidme et quatri&me noeuds (70, 118 ; 66, 122) 
pour attaquer ledit circuit k verrouillage (72. 68 ; 
120, 124). 

2. Circuit selon la revendicatlon 1, caract^risd, de 30 
plus, par un troisidme commutateur (56. 1 1 6) reliant 
ensemble, de mani^re selective, lesdits premier et 
deuxi^me noeuds (58. 1 04 ; 70, 1 1 8). et par un qua- 
tri^me commutateur (64. 126) reliant ensemble, de 
manidre selective, lesdits troisldme et quatri^me 3S 
noeuds (61, 114; 66, 122). 

3. Circuit selon Tune quelconque des revendicatlons 
pr^§dentes, dans lequel ledit deuxidme commuta- 
teur (54, 1 26) est command^ par ladite premiere ali- 40 
mentation (VCCP). 

4. Circuit selon I'une quelconque des revendicatlons 
prteddentes. caractdrlsd, de plus, par un dtage de 
sortie tampon (90, 1 40) relid k au moins un desdits ^ 
noeuds. 

5. Circuit selon I'une quelconque des revendicatlons 
2^4, dans lequel ledit troisi^me commutateur (116) 

est command^ par une tension au niveau dudit troi- so 
sifeme noeud (114). et ledit quatridme commutateur 
(126) est command^ par une tension au niveau du- 
dit premier noeud (104). 

6. Circuit selon Tune quelconque des revendicatlons ss 
pr^ddentes, dans iequ I ledit circuit k verrouillage 
comprend un cinqui^me commutateur (72. 120) r - 
liant, de manidre sdlectiv . ladite pr midre alimen- 



tation (VCCP) audit second noeud (70, 118). et un 
sixi^me commutateur (68, 124) reliant, d mani§re 
selective, ladite premiere arunentation (VCCP) 
audit quatri^me noeud (66, 122). 

7. Circuit s k>n la rev ndtcation 6, dans Iequ I ledit 
cinquifeme commutateur (72, 120) est command^ 
par une tension au niveau dudit quatri^me noeud 
(66, 122), et ledit sixi^me conrvnutateur (68, 124) 
est command^ par une tension au niveau dudit 
deuxifeme noeud (70, 118). 

8. Circuit selon I'une quelconque des revendicatlons 
pr^^dentes. caract6ris6 de plus par un septi^me 
commutateur (51) relid en paralldle audit premier 
commutateur (52), et des huiti^me et neuvi^me 
commutateurs (49, 50) relics en s6rie entre ledit 
premier noeud (58) et une autre alimentation. 

9. Circuit selon I'une quelconque des revendicatlons 
1^7. caract^risd de plus par un septidme commu- 
tateur (55) relid en s6rie avec ledit premier commu- 
tateur (52), et des huiti^me et neuvi^me commuta- 
teurs (50, 53) relics en paralldle entre ledit premier 
noeud (58) et une autre alimentation. 

10. Circuit sebn I'une quelconque des revendlcatbns 
pr6c6dentes, caract^risd de plus par un 6\age de 
sortie tampon relld k au moins ladite borne de sor- 
tie, ledit Stage de sortie tampon §tant configure pour 
recevoir au moins un autre signal (X, Y) pour rSali- 
ser une fonction loglque NON-ET. 



11 



EP0608 489B1 



FIG. 1 

VCCP VCCP 
22 24- 



(HVOLT) 



IN 

(LVOLT) 




LVOLT 



FIG. 2 
VCCP VCCP 
22 24 




HVOLT 



4r V 30 



32 



alLABLE COPY 



12 



EP0608 489B1 





BEST AVAILABLE COPY 



EP0608 489B1 



VCC 



FIG. 5a 

VCCP VCCP 



VCCP 



VCC 



LVOLT2 — 



H 



— HVQLT 



90 



FIG. 5b 

VCCP VCCP 



VCCP I 



LVOLT- 




HDh 

50 ^^^53 



LV0LT2' 



90 



— HVOLT 



BEST AVAILABLE COPY 



14 



EP0608 489B1 




BEST AVAIUBLE COPY 



THIS PAGE BLANK (MSPTO) 



